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1. Project Title: "Rare 2-Substituted Purine Nucleosides"

2. Name of Contractor: University of Iowa, Iowa City, Iowa 52242

3. Name of Principal Investigator: Vasu Nair
Professor of Chemistry

Phone: (319) 335 1364

4. Reporting Period: October 18, 1985 to October 17, 1986

5. Description of Work Accomplished

In the first year of this contract, our goals were to develop rational

procedures for the synthesis of the target molecules discussed in the
proposal. Although difficulties were encountered in approaches studied in

the first six months of the contract, these problems were overcome and an
excellent and novel methodology for the key step in the synthesis of many
of the target compounds was discovered. This approach has been applied

successfully to the synthesis of six target compounds, two of which have
been submitted with complete data for antiviral evaluation. A description

of the synthetic work done during the first year follows.

The starting point of our work involved the preparation of multigram
quantities of some basic precursors and investigation of feasible approaches

to the synthesis of 2-acetonylnebularine I and 2-acetonylinosine 2. Target
molecules 1 and 2 (in their protected form) are direct precursors for the

synthesis of 3 and 4, respectively.

The synthesis of compound 1 commenced with guanosine ( ) which was

converted almost quantitatively (93%) in the first step to 2',3,'5'-tri-O-

acetylguanosine (6) by treatment with acetic anhydride, dimethylamino-

pyridine, and triethylamine in acetonitrile as solvent. The protected
nucleoside 6, when treated with phosphorus oxychloride and N,N-diethyl-

aniline, was converted to the 2-amino-6-chloropurine nucleoside 7 in about

89% yield. Photolysis of 7 in dry, nitrogen-purged tetrahydrofuran (THF)

containing 10% triethylamine produced the 2-amino nucleoside 8 in about 80%

yield. This photoinduced reductive dehalogenation has not been reported
previously in purine nucleoside chemistry and represents an excellent

procedure for the synthesis of 2-aminopurines. Nucleoside 8 is expected to
be a key precursor in the synthesis of 1 and 3.
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Several approaches were examined for the synthesis of L from 8. The

first involved conversion of 8 to its 2-iodinated derivative with

subsequent photoinduced SRNI reaction of this iodo compound with the

potassium enolate of acetone (Scheme 1). Nucleoside 9 (i.e. the silylated

derivative of 8) was converted to the new 2-iodo-9-(20,3,5-tri-O-t-butyl-
dimethylsilyl-D-ribofuranosyl)purine 10 in 67% yield by a deamination-

halogenation reaction using n-pentyl nitrite, diiodomethane, and trimethyl-
silyl iodide in hexane. However, when 10 was photolyzed in the presence of

the potassium enolate of acetone in THF at -48 C for 20 minutes, the

expected SRNI product was not isolated. Careful analysis of the high-field
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Scheme 1

NMR, FTIR, UV, and mass spectral data suggested that nucleophilic attack
with subsequent ring opening had occurred at the 6-position to produce 11.

Although this was totally unexpected, failure of the SRN reaction may be

attributed to a marked change in the reduction potential of 10 compared to
the corresponding 6-iodo compound. The latter undergoes the SRNl reaction
in very good yields. When the 6-position was blocked, as in the case of 2-

iodo-6-methoxypurine nucleoside (a precursor for target molecule 2), the

reaction still failed.

An alternative approach to compound 1 also involved the use of the 2-

amino nucleoside '8 as a precursor. The methodology involved conversion of
8 to its 2-thioacetonyl derivative and subsequent application of the

".. Eschenmoser sulfide contraction on this thio derivative (Scheme 2).
Nucleoside 8 can be converted to its 2-thioacetonyl derivative 12 in good

yields by heating with n-pentyl nitrite and diacetonyl disulfide in
acetonitrile. The Eschenmoser sulfide contraction reaction on 12 to give

14 via the intermediacy of 13 did not proceed as planned under a variety of
conditions. Modifications in the experimental procedure included changing
the solvent, the base, and the phosphine used.
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A methodology involving radical addition of thioacetone at the 2-
position of an appropriate precursor followed by thermal sulfide
contraction and subsequent modification at the 6-position appeared also to
be a promising and direct approach to the synthesis of 2 (Scheme 3).
However, the sulfide contraction was also unsuccessful in this case.
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Scheme 3

Application of the Meerwein reaction and radical coupling reactions
did not provide suitable routes to 1 and 2.

Palladium is known to be able to insert into the carbon-iodine bond of
an iodoaromatic system and this intermediate can subsequently undergo
cross-coupling reactions with alkenes under suitable conditions. We have
been very successful in developing this methodological approach for the
synthesis of a number of the target nucleosides for this contract. The
methodology is illustrated with the synthesis of 2 (Scheme 4). The
synthesis commenced with guanosine (5) which was converted almost
quantitatively (93%) in the first step to 6 by treatment with acetic
anhydride, dimethylaminopyridine, and triethylamine in acetonitrile as
solvent. The protected nucleoside 16, when treated with phosphorous
oxychloride and N,N-diethylaniline under carefully controlled conditions,
was converted to the 2-amino-6-chloropurine nucleoside 7 in about 89%
yield as previously described in this report. This is a considerable
improvement for this conversion which is an important reaction in
nucleoside chemistry. Reaction of compound 7 with n-pentyl nitrite and
diiodomethane in refluxing acetonitrile gave the 6-chloro-2-iodopurine
nucleoside 18 in 71% yield. Replacement of the chlorine group at the 6-

3
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position with methoxide is accompanied by the desired deprotection of the

acetate groups to give k9 in 76% yield. Subsequent protection of the
carbohydrate moiety with t-butyldimethylsilyl chloride and imidazole in
dimethylformamide gave 20 in 96% yield. The key step in the synthesis of 1

was the conversion of 20 to 21 in 70% yield by the palladium catalyzed

coupling reaction shown in Scheme 4. This conversion involves insertion of
palladium into the carbon-iodine bond of the iodopurine followed by
coupling of the derived Pd(II) complex with the tin enolate of acetone,

trans-cis isomerization, and reductive elimination to give the product. It

is the first example of the use of an Sn reagent in palladium catalyzed

4



coupling involving nucleosides. The acetonylated nucleoside 2) was

converted to Z in two steps by reaction first with trimethylsilyl iodide
(64% yield of 22) and subsequently with tetrabutyl- ammonium fluoride (93%
yield). The overall yield of 2 starting from guanosine was an excellent
17.9%.

Compound 2 was purified to a high degree by reversed-phase high
performance liquid chromatography (3 passes) on Amberlite XAD-4 resin using
water-ethanol as the eluting solvent. The product may be crystallized from

a water-isopropanol mixture. Complete charaiterization was performed by
mass spectrometry, UV, FTIR, and high-field H and C NMR spectroscopy.
Critical spectral data were presenty with the sample submitted for
antiviral testing. The high-field C NMR spectrum is shown in Fig. 1.

The starting material for the synthesis of compound 4 was the
acetonylated nucleoside 21 (Scheme 5). It was smoothly reduced with sodium
borohydride in tetrahydrofuran to give the diastereoisomeric products 23

in 75% purified yield. Compound 23 was deprotected to I in two steps by
reaction first with trimethylsilyf"iodide and subsequently with tetrabutyl-
ammonium fluoride. The overall yield of 1 starting from guanosine was an

excellent 13%. Compound I was purified by multiple reversed phase HPLC on
Amberlite XAD-4 with 5% ethanol-water as the eluting solvent.
Crystallization may be carried out from isopropanol. Complete

*: characterization was carried out by mass spectromety3, UV, FTIR, and high-

field H and "3C NMR spectroscopy. The high-field C NMR spectrum is
enclosed (Fig. 2). Complete spectral data were provided with WRAMC FORM
108.
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The preparations of 2-acetonyl-9-(A -D-ribofuranosyl)purine and 2-

(2-hydroxypropyl)-9-(O-D-ribofuranosyl)purine 2 on gram scale are

currently being carried out. The methodology developed for these compounds

is outlined in Scheme 6. The precursor material for the syntheses was 10,
prepared from 7 as described previously 

(Scheme 1). The palladium

catalyzed reaction of 10 with the tributyltin enolate of acetone gave 24
in good yields. CompounId 24 can be easily deprotected to 1 with

tetrabutylammonium fluoride. It can be reduced with sodium borohydride

to 25 which can be deprotected to 3. Both compounds 1 and 3 have been

prepared and fully characterized and are now being produced in larger
quantities for antiviral evaluation.

Application of our newly developed methodology of palladium catalyzed
functionalized alkylation at the 2-position of the purine ring is currently

being investigated for the synthesis of target molecules 26, 27, 28, 29.
A key reaction is the coupling of vinyl tributyltin with 20 and 10 as shown
in Schemes 7 and 8. This reaction proceeds in high yields (87%) in the

case of 20 and product 30 has been prepared in gram quantities. Its

deprotection has been achieved and target molecule 26 is currently being

purified and will be submitted for antiviral evaluation in about two weeks.
The hydroxylation of 30 followed by deprotection would give 28 and this
conversion is now being examined.
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Procedures related to the above are also being studied for the
synthesis of target molecules 27 and 29. The conversion shown in Scheme 8
has been completed successfully and is now being scaled up to gram
quantities.

,h./

-.,." ",., NN \ Pd CI,(CH CN) 2

'1 N N #-Bu,SnCH=CHz H2C=CHI I ,

1, toluene In R

R
.-,10 31

4Scheme 8

6. Compounds Submitted and Syntheses Completed:

The following compounds were submitted in 1.5 gram quantities to the
Department of Antiviral Studies, USAMRIID, Fort Detrick:

9
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(i) 2-Acetonylinosine

or 2-Acetonyl-9-( -D-ribofuranosyl)hypoxanthine

0

0 HN N
m , N

CH 3
HO

. HO OH

AVS Identifying Number: AVS-002159

Contractor's Identifying Code No: VN-I-101

Report Reference: This Annual Report, Pages 4-5, Scheme 4.

" (ii). 2-(2-Hydroxypropyl)inosine

-.4" or 2-(2-Hydroxypropyl)-9-(f-D-ribofuranosyl)hypoxanthine

0

HO H

CH"-HO

HO OH

AVS Identifying Number: AVS-002352
Contractor's Identifying Code No: VN-I-102

Report Reference: This Annual Report, Page 5 , Scheme 5.

The syntheses of the following compounds have been developed and their gram

scale productions are currently being carried out in preparation for

submission for antiviral evaluation:

(iii). 2-Vinylinosine or 2-Vinyl-9-(-D-ribofuranosyl)hypoxanthine

0

H 2 CCH N

HO OH

Report Reference: This Annual Report, Page 9, Scheme 7.
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(iv). 2-Viuylnebularine or 2-Vinyl-9-(-D-ribofuranosyl)purine

H 2CCH 7N

HO

HO OH

Report Reference: This Annual Report, Page 9, Scheme 8.

(v). 2-Acetonylnebularine or 2-Acetonyl-9-( -D-ribofuranosyl)purine

CHA
HO-V)4

HO OH

Report Reference: This Annual Report, Page 8, Scheme 6.

(vi). 2-(2-Hydroxypropyl)nebularine or 2-(2-Hydroxypropyl)-9-( -D-ribo-
furanosyl)purine

* OH

CH3
HO 0

H O

Report Reference: This Annual Report, Pages 8, Scheme 6.
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9. Summary:

Synthetic approaches to eight of the target molecules described in the
contract have been developed. Two of these target compounds have already
been submitted for antiviral evaluation and four others are currently being
prepared in gram quantities for screening studies. In the course of this
research investigation we have also discovered conceptually new synthetic
approaches to some nucleoside intermediates and final products. This work
will have an important impact in synthetic nucleoside chemistry. Three
publications have arisen so far from our efforts on this project and a
patent application is being prepared. One graduate student on this project
will be awarded the Ph.D. degree in December, 1986. Our progress on the
contract is right on schedule.
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